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KLJKO\XQVWUXFWXUHGDQGFKDRWLFDUUDQJHPHQWGXHWRWKHSUHVHQFHRIDWKLFNOD\HURISDOHRODQGVOLGHORFDWHGRQDFRQWDFW
VWULSEHWZHHQWKHFDOFDUHRXVFOD\H\DQGFOD\H\FDOFDUHRXVOLWKRIDFLHVRI9DULFRORULORFDOO\GLVDUUDQJHGDQGRUPL[HG
SUREDEO\EHFDXVHRI WKHRYHUWKUXVW7KHVLWH LV ORFDWHG LQDSDUWLFXODUDUHDFKDUDFWHUL]HGE\ WHFWRQLF LQWHUIHUHQFHV
ZKHUHWKHUHDUHWKLFNHUOD\HUVRIFKDRWLFPDWHULDOVUHVXOWLQJIURPGLVUXSWLRQDQGSUREDEOHPL[LQJRIFOD\OLPHVWRQH
DQG OLPHVWRQH OLWKRIDFLHV RI WKH9DULFRORUL FRPSOH[ 6XUYH\V GDWD LGHQWLI\ WKHLU RYHUODS RQPDLQO\ FOD\H\PDUO\
PDWHULDOVLQOLQHZLWKWKHK\SRWKHVLVRIWKHRYHUWKUXVW'LUHFWGLVSODFHPHQWV\VWHPVDQGEODQNHWVRIWKLFNDQGLUUHJXODU
GHEULVLQHDUWK\PDWUL[ORFDOO\GXHWRDQFLHQWODQGVOLGHVPRYHPHQWVDUHLQGLYLGXDWHGLQWKHDUHD
7KLVVSHFLILFVWXG\IRFXVHVRQWKHYDOXHVRIWKHVKHDUUHVLVWDQFHDQJOHĳ¶IRUVRLO7RWKLVHQGLQWKHDUHDWKHUHZHUH
H[HFXWHGDVHULHVRIQLQHERUHKROHVXSWRDGHSWKRIPIURPWKHJURXQGOHYHOWRJHWKHUZLWK637'RZQ+ROHWHVWV
SLH]RPHWHUVLQVWDOODWLRQVDPSOLQJDQGODERUDWRU\WHVWV&RPPRQODERUDWRU\DQGLQVLWX WHVWVPLJKWGRQRWSURGXFH
UHVXOWV HDV\ WR DSSO\ IRU HQJLQHHULQJ GHVLJQ >@ )RU LQVWDQFH VWDWLF SHQHWURPHWULF WHVWV FDQQRW EH SHUIRUPHG IRU
SUDFWLFDOSUREOHPVLHSUHVHQFHRIVWRQHVRUURFNIRUPDWLRQZKLOHWKHUHVXOWVRIG\QDPLFSHQHWURPHWULFWHVWVPLJKW
EHLQIOXHQFHGE\GHYHORSPHQWRIXQFRQWUROOHGSRUHZDWHUSUHVVXUHV)XUWKHUPRUHIRUWKHODEWHVWVWKHUHOLDELOLW\RI
WKHUHVXOWVRQVPDOOVL]HGVSHFLPHQVFRXOGEHVRPHKRZTXHVWLRQDEOH
,QWKHJLYHQDUHDDWZRVWRULHVEXLOGLQJZLOOEHFRQVWUXFWHGXVLQJVKDOORZIRXQGDWLRQPZLGHSODFHGDWDGHSWK
RIPIURPJURXQGOHYHO)OH[LEOHUHWDLQLQJZDOOVKDYLQJDQRYHUDOOOHQJWKRIPZHUHEXLOWLQ'HFHPEHURQ
WZRVLGHRIWKHVLWH7KHORFDWLRQRIWKHERUHKROHVWKHZDOODQGWKHEXLOGLQJLVVKRZQLQ)LJXUHWRJHWKHUZLWKWKH
WZRRUWKRJRQDOFURVVVHFWLRQVRIWKHDUHDXQGHUOLQLQJWKHPDLQIRUPDWLRQVLGHQWLILHG

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7DEOHVXPPDUL]HVWKHVKHDUUHVLVWDQFHSDUDPHWHUVDVHYDOXDWHGIURPVHWRIFRQYHQWLRQDOFRPPHUFLDOODERUDWRU\
WHVWVRQGLIIHUHQWVDPSOHVZKLFKLQFOXGHGGUDLQHGDQGXQGUDLQHGWULD[LDOWHVWVDQGDQQXODUULQJVKHDUWHVWV,QWKHVDPH
WDEOH0LQGLFDWHVWKHVORSHRIWKHVWUDLJKWOLQHWKDWLQWHUSRODWHVWKHYDOXHVRIWKHSHDNVWUHQJWKLQWKHSODQHTS
!E\
UHTXLULQJ WKHSDVVDJH WKURXJK WKHRULJLQRID[HV7KLVYDOXH LVFRQYHUWHG LQDVKHDUVWUHQJWKDQJOHĳ WKURXJK WKH
UHODWLRQVKLSכ ൌ ͸  ɔכ ሺ͵ െ  ɔכሻΤ LPSRVLQJWKHDEVHQFHRIWKHHIIHFWLYHFRKHVLRQ)LJXUHDDQG)LJXUHEVKRZ
LQVWHDGWKHDYDLODEOHJUDGLQJFXUYHVRQWKHVDPSOHGVRLOVDQGWKH$WWHUEHUJOLPLWVSURILOHV7ZRPDLQW\SHVRIPDWHULDOV
FDQEHVHHQDJURXSKDYLQJDFOHDUSUHYDOHQFHRIFRDUVHPDWHULDOWKDWLQKLELWVWKHH[HFXWLRQRIPHFKDQLFDOWHVWVWKH
RWKHUFRQVWLWXWHGE\ILQHJUDLQHGPDWHULDOVZLWKDUHODWLYHKRPRJHQHLW\LQWKHGLDPHWHURIWKHSDUWLFOHV7KHSODVWLFLW\
LVPHGLXP±KLJKDQGWKHFRQVLVWHQF\LVKLJKRQDYHUDJHUHVXOWLQJWKHQDWXUDOZDWHUFRQWHQWZOHVVWKDQRUVOLJKWO\
JUHDWHUWKDQZ32YHUDOOVPDOOYDOXHVRIWKHVKHDUUHVLVWDQFHDQJOHVHPHUJHIURPWKHODERUDWRU\WHVWV7KLVFRXOGEH
GXHWRH[FHVVLYHGLVWXUEDQFHGXULQJVDPSOLQJRUGXULQJVSHFLPHQVSUHSDUDWLRQEHFDXVHRIXQNQRZQPLVWDNHVLQWKH
H[SHULPHQWDOSURFHGXUHVRUEHFDXVHRIWKHVWDWHRIJUDYLWDWLRQDODQGRUWHFWRQLFUHDUUDQJHPHQWRIPDWHULDOV
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
7KHYDOXHVRIWKHPHDVXUHGFULWLFDOVWDWHVKHDUUHVLVWDQFHDQJOHĳDUHFRPSDUHGZLWKOLWHUDWXUHGDWD>@DVHPSLULFDO
IXQFWLRQRIWKHVRLOVSODVWLFLW\LQGH[)LJF7KHUHVLVWDQFHYDOXHVDUHVLJQLILFDQWO\ORZHUWKDQWKRVHPHDVXUHGIRU
RWKHUVRLOV7KLVDVSHFWLVHYHQPRUHUHOHYDQWFRQVLGHULQJWKDWOLWHUDWXUHYDOXHVDUHIRUWKHFULWLFDOVWDWHFRQGLWLRQDQG
WKRVHRI6DQ*LXOLDQRGHO6DQQLRDUHLQVWHDGLQGLFDWLYHRIWKHSHDNVWUHQJWK7KHPHDVXUHGRUJDQLFVXEVWDQFHFRQWHQW
RQVRLOLVDOZD\VORZHUWKDQDYDOXHWKDWFDQQRWMXVWLI\DORQHWKHH[WHQWRIWKHPHDVXUHGVKHDUUHVLVWDQFHYDOXHV

 
)LJD$YDLODEOHJUDGLQJFXUYHVDQGE$WWHUEHUJOLPLWVDQGQDWXUDOZDWHUFRQWHQWSURILOHVIRUWKHWHVWVLWHFFULWLFDOVWDWHUHVLVWDQFHDQJOHYV
SODVWLFLW\LQGH[FRPSDULVRQEHWZHHQOLWHUDWXUHDQGWKLVFDVHVWXG\
,QVLWXWHVWVDQDO\VLV
7KHDYDLODEOHLQVLWXWHVWV637DQGVKHDUZDYHVYHORFLW\PHDVXUHPHQWV)LJDEFRXOGSURYLGHIXUWKHULQVLJKWV
DERXWVRLOVPHFKDQLFDOSURSHUWLHV$QXPEHURIVKRWVHTXDOWRFRQYHQWLRQDOO\GHVLJQDWHVWKHUHIXVDOFRQGLWLRQRI
WKH637WHVW,WLVSRVVLEOHWRREVHUYHWKHKLJKYDULDELOLW\RIWKHPHDVXUHPHQWVDQGWKHGLIILFXOW\LQGLVWLQJXLVKLQJFOHDU
VWUDWLJUDSKLFSDVVDJHV7KHVLPXOWDQHRXVSUHVHQFHRIILQLWHYDOXHVRIWKHQXPEHURIVKRWVDQGUHIXVDOFDVHVFRQILUPV
WKHKHWHURJHQHRXVQDWXUHRIWKHPDWHULDOVZKLFKLGHQWLILHVOLWKRLGSRUWLRQVLQWHUVSHUVHGZLWKORRVHVRLO]RQHV7KH
LQGLFDWLRQVIURPWKH637WHVWVDOORZDQHVWLPDWHHYHQDSSUR[LPDWHRIWKHVKHDUVWUHQJWKRIWKHSHQHWUDWHGIRUPDWLRQV
)URPWKHVKHDUZDYHVYHORFLW\SURILOHVRIWKHGRZQKROHWHVWVLWLVQRWHGWKHPRGHUDWHVWLIIQHVVRIWKHPDWHULDOVWKH
ORFDO RVFLOODWLRQ RI WKH ZDYHV SURSDJDWLRQ VSHHG VWDUWLQJ IURP DERXW P EHORZ WKH JURXQG OHYHO WKH GLIIHUHQFHV
EHWZHHQWKHGDWDREWDLQHGIURPWKH6VXUYH\DQGWKRVHIURP6DQG6WKDWDUHVXEVWDQWLDOO\RYHUODSSLQJ5HIHUULQJ
WR637WHVWVIRUUHODWLYHO\ILQHJUDLQVL]HVWUDWDILQHVDQGRUVLOWXQGHUJURXQGZDWHUOHYHOIRXQGEHORZPIURP
JURXQGOHYHOZKHQ1637ZDVJUHDWHUWKDQWKHQXPEHURIVKRWVKDVEHHQFRUUHFWHGWKURXJK7HU]DJKL¶VIRUPXODWLRQ
ୗ୔୘ǡ୰ୣୢ ൌ ሺୗ୔୘ െ ͳͷሻ ʹΤ ൅ ͳͷ7KLVFRUUHFWLRQKDVEHHQDSSOLHGDVSUHFDXWLRQDU\PHDVXUH LQD OLPLWHGQXPEHURI
FDVHV%HLQJWKHPHDVXUHPHQWPDGHXVLQJDFRQHUDWKHUWKDQWKHRSHQVDPSOHUDFRQYHUVLRQIDFWRUHTXDOWRRQHZDV
DVVXPHG7KHYDOXHVRIWKHVKHDUUHVLVWDQFHDQJOHV)LJFKDYHEHHQFDOFXODWHGVWDUWLQJIURP1637YDOXHVXVLQJWKH
FRUUHODWLRQVLQ>@IROORZLQJWKHGLUHFWLRQVJLYHQLQ>@DQGIURPVRPHRWKHUFRUUHODWLRQUHSRUWHGLQ>@7DEOH
7KHDGRSWHGIRUPXODWLRQUHTXLUHGWKH1FRUUHFWHG1637YDOXHDQGIRUWKLVSXUSRVHWKHDSSURDFKJLYHQE\>@ZDV
HPSOR\HG  ሺଵሻ଺଴ ൌ ඥୟ ɐԢ୴Τ ଺଴  EHLQJ 1 HTXDO WR 1637 LQ RXU FDVH 6XFK FRUUHODWLRQV ZHUH REWDLQHG LQ D
JHROLWRORJKLFDO FRQWH[W GLIIHUHQW IURP WKDW RI WKH0ROLVH5HJLRQ+RZHYHU DV IDU DV WKH$XWKRUV NQRZ QRRWKHU
DSSURDFKHVDUHFXUUHQWO\DYDLODEOHWRREWDLQWKHVKHDUUHVLVWDQFHIURP637EORZFRXQW
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7DEOH6RPHFRUUHODWLRQVEHWZHHQWKH637EORZQXPEHUDQGWKHDQJOHRIVKHDUUHVLVWDQFHPRGLILHGDIWHU>@
&2'( 5()(5(1&( (48$7,21
6&+ 6FKPHUWPDQQLQ.XOKDZ\DQG0D\QH>@ ߮ᇱ ൌ ିଵ ቈ ௌܰ௉் ቆͳʹǤʹ ൅ ʹͲǤ͵ ߪԢ௩݌௔ ቇൗ ቉
଴Ǥଷସ
3+7.0 3HFNHWDOLQ.XOKDZ\DQG0D\QH>@ ߮ᇱ ൎ ͷͶ െ ʹ͹Ǥ͸Ͳ͵ͶሺെͲǤͲͳͶ ሺ ଵܰሻ଺଴ሻ
+8 +DWDQDND8FKLGD ߮ᇱ ൌ ඥʹͲሺ ଵܰሻ଺଴ ൅ ʹͲ IRU͵Ǥͷ ൑ ሺ ଵܰሻ଺଴ ൑ ͵Ͳ
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0$< 0D\QHHWDO ߮ᇱ ൌ ඥͳͷǤͶሺ ଵܰሻ଺଴ ൅ ʹͲ
-5$ -DSDQ5RDG$VVRFLDWLRQ ߮ᇱ ൌ ඥͳͷሺ ଵܰሻ଺଴ ൅ ͳͷIRUሺ ଵܰሻ଺଴ ൐ ͷ DQG߮ᇱ ൑ Ͷͷι

&RQFHUQLQJGRZQKROHWHVWVWKHUHODWLRQVKLSEHWZHHQWKHVKHDUZDYHVYHORFLW\9VDQGWKHQXPEHURIEORZVRI
WKH637WHVWKDVUHFHQWO\EHHQVWXGLHG>@ZLWKUHIHUHQFHWRVWUXFWXUDOO\FRPSOH[IRUPDWLRQVRIWKH0ROLVHUHJLRQ7KH
SURSRVHGFRUUHODWLRQVDUHGLVWLQFWRQWKHEDVLVRIWKHPDLQPDFUROLWKRORJLHVSUHVHQWLQWKHUHJLRQVWUXFWXUHGGHSRVLWV
ORRVHDQGDOWHUHGVRLOV)RUWKHSXUSRVHRIWKLVVWXG\WKHPRUHFRQVHUYDWLYHUHODWLRQVKLSWKDWIRUVWUXFWXUHGGHSRVLWV
KDVEHHQLQYHUWHGWRHVWLPDWH1637YDOXHVVWDUWLQJIURPWKHVKHDUZDYHVYHORFLW\SURILOHVREWDLQHGWKURXJK'+WHVWV
ୗ୔୘ ൌ ሺୱ ͳͲͶǤͷͷΤ ሻଵ ଴Ǥଷ଼ହΤ 7KHVHGDWDDOWKRXJKREWDLQHGLQGLUHFWO\DOORZIXUWKHUDSSUR[LPDWHHVWLPDWHVRIWKHVKHDU
UHVLVWDQFHDQJOHRIWKHPDWHULDOVXVLQJWKHVDPHIRUPXODWLRQVSUHYLRXVO\PHQWLRQHG5HVXOWVRIWKHFRPSXWDWLRQVDUH
LQ)LJXUHG,QFRQYHUWLQJ96LQ1637IXUWKHULQFHUWLWXGHDULVHV+RZHYHUWKHFRUUHODWLRQLVFDOLEUDWHGXVLQJORFDOVRLOV
DQGWKHPHDVXUHPHQWVRIVKHDUZDYHYHORFLWLHVDUHQRWPXFKDIIHFWHGE\ORFDOKHWHURJHQHLWLHVDV1637GRHV


)LJ'DWDIURP637DDQG'+WHVWVEDQGVRLOIULFWLRQDQJOHSURILOHIURP637FDQGDIWHU9VLQWR1637FRQYHUVLRQG,QWKLVFDVHODUJHU
V\PEROVDUHWKHDYHUDJHYDOXHVZKLOHVPDOOHUV\PEROVDUHPLQLPXPDQGPHDQYDOXHVGHULYHGIURP9V
)URP637UHVXOWV LWFDQEHREVHUYHGDODFNRIKRPRJHQHLW\RIWKHUHVLVWDQFHYDOXHVZLWKGHSWKZKLFKDVVXPH
KLJKHVW YDOXHV IRU WKH VXUIDFH IRUPDWLRQV 7KLV ODVW VWDWHPHQWPD\ SDUWO\ EH UHODWHG WR WKH QDWXUH DQGPDQQHU RI
H[HFXWLRQRIWKHVWDQGDUGSHQHWUDWLRQWHVW7KXVHYHQLIWKHOLWKRLGFRPSRQHQWRIWKHIRUPDWLRQVLQWKHDUHDLVQRWYHU\
VHQVLWLYHWRWKHJHRVWDWLFFRQILQHPHQWVWUHVVVWDWHLWPD\EHSDVVHGWKURXJKPRUHHDVLO\IURPWKHWHVWWRROLIORFDOL]HG
LQWKHVXUIDFHSDUWRIWKHGHSRVLWUDWKHUWKDQLQWKHGHHSHVWSDUW,QWKLVK\SRWKHVLVWKHUHVLVWDQFHRIWKHPRUHVXSHUILFLDO
PDWHULDOVZRXOGWDNHLQWRDFFRXQWDOVRSDUWLDOO\RIWKHURFN\FRPSRQHQWSUHVHQWVLQWKHVLWHZKLOHWKDWRIWKHGHHSHU
PDWHULDOVZRXOGEHUHSUHVHQWDWLYHRIWKHORRVHFRPSRQHQW,QDQ\FDVHGHVSLWHWKHPRUHFRQVHUYDWLYHIRUPXODWLRQV
XVHGWRFRQYHUWWKHQXPEHURIEORZVRIWKH637WHVWVLQVRLOUHVLVWDQFHWKLVODVWRQHLVFOHDUO\KLJKHUWKDQODERUDWRU\
WHVWVYDOXHV)URPGRZQKROHWHVWVLWLVSRVVLEOHWRREVHUYHKRZWKHVKHDUUHVLVWDQFHDQJOHYDOXHVGHULYHGE\LQGLUHFW
PHDQV DUHJHQHUDOO\ ORZHU WKDQ WKRVHREWDLQHG WKURXJK WKHPHDVXUHPHQW RI WKHQXPEHURI EORZV WR DGYDQFH WKH
VWDQGDUG SHQHWURPHWHU +RZHYHU HYHQ WKH PLQLPXP YDOXHV REWDLQHG LQ WKLV ZD\ DSSHDU WR EH JUHDWHU WKDQ WKH
LQIRUPDWLRQVUHDFKDEOHWKURXJKWKHLQWHUSUHWDWLRQRIODERUDWRU\WULD[LDOWHVWVSHUIRUPHGRQVDPSOHV,WLVLPSRUWDQWWR
HPSKDVL]HRQFHDJDLQ WKDWUHVLVWDQFHPHDVXUHPHQWVREWDLQHGIURP'+WHVWVDUHRQO\DSSUR[LPDWHHVWLPDWLRQVDV
ZHOODVWRXQGHUOLQHWKHFDSDFLW\RIWKHJHRSK\VLFDOWHVWVLQSURYLGLQJDPHFKDQLFDOLQGLFDWRUWKDWDOORZVHVWLPDWLQJ
WKHEHKDYLRURIVRLOVZKHQFKDUDFWHUL]HGE\FOD\KRUL]RQVPL[HGZLWKFRDUVHOLPHVWRQHGHEULV$OO WKHLQVLWXWHVWV
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FRUUHODWLRQVFRQILUPWKHGRXEWVRQWKHPHDQLQJDQGXVHIXOQHVVRIWKHPHFKDQLFDOODERUDWRU\LQYHVWLJDWLRQVUHVXOWVIRU
WKHJHRWHFKQLFDOFKDUDFWHUL]DWLRQRIWKHVRLOGHSRVLWLQWKHDUHD
5HWDLQLQJZDOOEDFNDQDO\VLV
)RU WKH SXUSRVHV RI YDOLGDWLQJ WKH JHRWHFKQLFDO FKDUDFWHUL]DWLRQ RI WKH PRVW VXSHUILFLDO VRLOV D SUHOLPLQDU\
SDUDPHWULFDQGVLPSOLILHGDQDO\VLVRI WKH UHWDLQLQJZDOO ORRNLQJDW WKHHTXLOLEULXP LQ WKH VWDWLFDQGSVHXGRVWDWLF
FRQGLWLRQVKDVEHHQGRQH7KHVWUXFWXUHVHHPVWREHYHULILHGZKHQKLJKHUYDOXHVRIVRLOVWUHQJWKSDUDPHWHUVFRPSDUHG
WRWKHILQGLQJVIURPODERUDWRU\LQYHVWLJDWLRQVDUHXVHGIRUWKHDQDO\VLV7KLVFRQILUPVWKHQHHGRIDJOREDOUDWKHUWKDQ
SXQFWXDOPHDVXUHPHQWIRUWKHPHFKDQLFDOFKDUDFWHUL]DWLRQRIWKHVRLOGHSRVLW,WLVDVVXPHGWKDWWKHVWUXFWXUHLVDERYH
WKHJURXQGZDWHUOHYHOWKHWRWDOKHLJKW+LVPWKHKHLJKWDERYHWKHJURXQGKLVPGLVWKHHPEHGGLQJGHSWKRI
WKHZDOODQGWKHVRLOLVKRPRJHQHRXVUHIHUULQJWRWKHPHFKDQLFDOFKDUDFWHULVWLFVRIWKHDQDO\VLV
7KH VWDWLF DQDO\VLV ZDV FRQGXFWHG XVLQJ WKH IXOO PHWKRG DQG WKH %OXP¶V PHWKRG >@ DGRSWLQJ WKH WKHRULHV
SURSRVHGE\>@IRUHYDOXDWLQJDFWLYH.$DQGSDVVLYH.3SUHVVXUHFRHIILFLHQWV$FRXSOHRIFRPELQDWLRQVIRUVRLO
ZDOOIULFWLRQYDOXHVZHUHDGRSWHGWKRVHRIWKHFXUUHQWSUDFWLFHį$ ĳ
į3 DQGWKRVHį$ ĳ
į3 ĳ

VXJJHVWHGE\>@,Q)LJXUHLVSORWWHGWKHUHODWLRQEHWZHHQWKHGKUDWLRDQGWKHVKHDUUHVLVWDQFHDQJOHREWDLQHGIRU
WKHWZRGLIIHUHQWPHWKRGVDGGLQJWKHYDOXHVGHULYHGIURPWKHHPSLULFDO IRUPXODWLRQSURSRVHGE\>@ZLWKDXQLW
VDIHW\IDFWRU%HLQJWKHUDWLRGKHTXDOWRLWLVFOHDUWKDWWKHZDOOLVLQHTXLOLEULXPZKHQWKHVRLOLQWHUDFWLQJZLWKLW
FDQEHPRGHOHGDVDJUDQXODUPHGLXPZLWKVKHDUUHVLVWDQFHDQJOHEHWZHHQ·7KHHTXLOLEULXPFRQGLWLRQVRI
>@DUHQRWFRQVLGHUHG LQ WKLVFRPSDULVRQEHFDXVH WKH\DUHGHULYHG IURPH[SHULPHQWDO FDVHVRIGK UDWLR VPDOOHU
YDOXHV,QFRQFOXVLRQWKHEDFNDQDO\VLVOHDGVWRĳ¶PHDQYDOXHVIRUWKHXSSHUPRIWKHVXEVRLODWOHDVWHTXDOWRa
DFFRUGLQJWRWKHVLPSOLILHGDVVXPSWLRQPHQWLRQHGEHIRUH6PDOOHUYDOXHVZRXOGEULQJWKHZDOOWRFROODSVH
&RQVLGHULQJWKDWWKHZDOODSSHDUVVWDEOHDWWKHPRPHQWRIZULWLQJWKLVQRWHLWPLJKWEHXVHIXOWRH[WHQGWKLVEDFN
DQDO\VLVDGGLQJWKHVHLVPLFIRUFHVWKDWFRXOGKDYHKLWWKHVWUXFWXUHVLQFHLWZDVEXLOG'HFHPEHUWRQRZ7RWKLV
HQGDOOWKHUHFHQWHDUWKTXDNHVZLWKDPRPHQWPDJQLWXGH0ZRFFXUUHGLQDUDGLXVRINPIURP6DQ*LXOLDQR
GHO6DQQLRZHUHFROOHFWHGWKURXJK,1*9ZHEVLWHHQFRPSDVVLQJHDUWKTXDNHVLQFOXGLQJDPRGHUDWH0Z VKDNH
7KLVHYHQWDFFRUGLQJWR,1*96KDNH0DSSURGXFHGDSHDNDFFHOHUDWLRQDWVLWHLQWKHRUGHURIJEHFDXVHORFDWHG
DWDQHSLFHQWUDOGLVWDQFHRIDERXWNP8VLQJFRPELQDWLRQRIPDJQLWXGHDQGHSLFHQWUDOGLVWDQFHWKURXJKWKHVLPSOH
JURXQGPRWLRQSUHGLFWLRQHTXDWLRQLQ>@WKH-DQXDU\0Z HDUWKTXDNHVKRXOGEHWKHRQHSURGXFLQJ
WKHODUJHVWSHDNJURXQGDFFHOHUDWLRQDWVLWH+RZHYHUVXFKDFFHOHUDWLRQLVTXLWHORZEHLQJLQWKHRUGHURIJ
IURP ,1*9 6KDNHPDS %RWK HDUWKTXDNHV DUH WKXV QRW DEOH WR VLJQLILFDQWO\ PRGLI\ WKH VWDELOLW\ FRQGLWLRQ RI WKH
HPEHGGHGZDOO+RZHYHUWKHVWDELOLW\RIWKHZDOOVKRXOGEHHQVXUHGHYHQXQGHUWKHGHVLJQHDUWKTXDNH)ROORZLQJ
>@ IRU WKLV FODVV RI FRQVWUXFWLRQ LW VKRXOG EH DVVXPHG D QRPLQDO OLIH RI  \HDUV DQG D XVDJH FRHIILFLHQW 
&RQVLGHULQJ IRU LQVWDQFH WKHXOWLPDWH OLPLW VWDWH IRU WKH OLIH VDIHJXDUG6/9 WKHGHVLJQ HDUWKTXDNHVKRXOGKDYHD
UHWXUQLQJSHULRGRI75\HDUV,QWKLVFDVHWKHIRUHFDVWSHDNDFFHOHUDWLRQIRUKRUL]RQWDORXWFURSSLQJEHGURFNLVDJ
 J


)LJ1RUPDOL]HGOLPLWHPEHGGLQJGHSWKYVVKHDUUHVLVWDQFHDQJOHIRUKRPRJHQHRXVVRLODVWDWLFFDVHPRGLILHGIURP>@ESVHXGRVWDWLFFDVH
PRGLILHGIURP>@
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$VLPSOHSVHXGRVWDWLFDQDO\VLVRIWKHZDOOFDQEHH[HFXWHGXVLQJWKH%OXP¶VPHWKRGDQGDKRUL]RQWDOVHLVPLF
FRHIILFLHQW ൌ ȽȾ Τ  6HLVPLF DFWLYH DQG SDVVLYH SUHVVXUH FRHIILFLHQWV UHVSHFWLYHO\ .$( DQG .3( FDQ EH
FRPSXWHG WKURXJK0RQRQREH2NDEH WKHRU\ DQG IRUPXODWLRQV LQ >@ DVVXPLQJ į$  ĳ
 DQG į3  ĳ
7KH
FRHIILFLHQWĮLVEHFDXVHRIWKHOLPLWHGKHLJKWRIWKHZDOOȕLVIRUDWRSVWUXFWXUHPD[LPXPGLVSODFHPHQWP
DQGWKHDPSOLILFDWLRQIDFWRU6LVIRUWKHWRSRJUDSK\7DQGVLWHFODVV%,QWKHK\SRWKHVLVRIULJLGSODVWLFEHKDYLRXU
RIWKHVRLOQRRYHUORDGODFNRIJURXQGZDWHUKRPRJHQRXVVXEVRLODQG%OXP¶VDSSUR[LPDWLRQLWLVSRVVLEOHWRGHILQH
WKHUHODWLRQVKLSEHWZHHQGKUDWLRDQGVKHDUIULFWLRQDQJOHZDOO)LJXUHEIRUGLIIHUHQWVHLVPLFKRUL]RQWDOFRHIILFLHQWV
NK)RUWKHGKUDWLRHTXDOWRWKHZDOOLVVWDEOHDJDLQVWVHLVPLFORDGLQJRQO\LIWKHVRLOKDVDPLQLPXPGHVLJQVKHDU
UHVLVWDQFHDQJOHYDOXHRI
&RQFOXVLRQ
7KHJHRORJLFDOFRPSOH[LW\RI6DQ*LXOLDQRGHO6DQQLR0ROLVHLVGRFXPHQWHGLQH[LVWLQJJHRORJLFDOVWXGLHVUHODWHG
WRWKHVHLVPLFPLFUR]RQDWLRQRIWKHDUHDDQGWRWKH,)),ODQGVOLGHVSURMHFWEXWLVDOVRFRQILUPHGE\WKHLQVLWXDQG
ODERUDWRU\WHVWVUHVXOWVFKDUDFWHUL]HGE\KLJKFRPSOH[LW\7KHLQVLJKWVOHGWRDFKLHYHDJRRGOHYHORINQRZOHGJHRI
WKHJHRORJLFDODQGVWUDWLJUDSKLFFRQGLWLRQVEXWOHDYHVWLOOGRXEWVFRQFHUQLQJWKHDFWXDOJHRWHFKQLFDOEHKDYLRURIVRLOV
SDUWLFXODUO\IROORZLQJWKHRXWFRPHRIWKHDSSDUHQWO\DEQRUPDOODERUDWRU\WHVWV7KLVGHILFLHQF\VWURQJO\LQKLELWVWKH
GHILQLWLRQRIDJHRWHFKQLFDOPRGHOVXIILFLHQWO\FRPSDWLEOHZLWKJHRORJLFDOSUREOHPVGHWHFWHGLQWKHDUHD7RFODULI\
WKHVLJQLILFDQFHRIWKHXQFHUWDLQWLHVIRUWKHVKHDUUHVLVWDQFHDQJOHYDOXHVFRPSDULVRQEHWZHHQODERUDWRU\WHVWVLQVLWX
WHVWVDQGUHWDLQLQJZDOOEDFNDQDO\VLVKDYHEHHQGRQH,WDSSHDUVWKDWWKHPHFKDQLFDOFKDUDFWHULVWLFVRIWKHPDWHULDOV
LQWKHDUHDDUHEHWWHUWKDQWKRVHIRXQGE\ODERUDWRU\WHVWVSUREDEO\EHFDXVHWKHJHRORJLFDOFRPSOH[LW\GRHVQRWDOORZ
WKHIRUPDWLRQVJOREDOFKDUDFWHUL]DWLRQWKURXJKWKHVLQJOHPHFKDQLFDOUHVSRQVHRIWKHILQHVWFRPSRQHQWVDQGEHFDXVH
RIVRPHSRVVLEOHHUURULQWKHH[SHULPHQWDOSURFHGXUHVHPSOR\HGLQODERUDWRU\0RUHRYHUWKHPRGHVWVWUHQJWKZKLFK
HPHUJHVIURPWULD[LDOWHVWVFRXOGEHGXHWRWKHVWURQJUHDUUDQJHPHQWWKDWVRLOVKDYHVXIIHUHGGXULQJWKHLUJHRORJLFDO
KLVWRU\DQGWKHLUSDUWLFXODUPLQHUDORJLFDODQGVWUXFWXUDOQDWXUH
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